The use of the word arthropathy in the title is deliberate, and slightly provocative, and there may even be a doubt as to what is being discussed; indeed it is hoped that the reasons for this terminological challenge will become apparent. The disease described in this paper is not new, but maybe its clinical description is nearly so. Degenerative joint disease, or osteoarthrosis (OA) has a most distinguished antiquity, having been found in the excavated bones of prehistoric man of many cultures, in early historic Egypt, in Greeks, Romans, Saxons and Elizabethans, both Tudor and present-day. It is, of course, one of the comparatively few diseases which can be detected many years after death.
The present paper is directed more to a discussion of the histopathology of the disease, since its clinical description has been dealt with elswhere (Toller 1973) . It is important to make clear that it is not concerned with the mandibular pain dysfunction syndrome (PDS), so ably described by Schwartz & Chayes (1968) , which is encountered comparatively frequently in clinical practice and which is typified by the clinical features of clicking joint, intermittent inability to open the jaw (locking) and pain associated with the joint. PDS commonly affects a younger age group (the late teens), where clicking is often the predominant feature, but in the next age group (20 to 30) the symptoms of locking, clicking and pain are more or less equally distributed among the cases. In the older age group (over 40 years), the symptom of pain is by far the most prevalent feature and many clinicians haive realized that in this age group lie those who can be most resistant to simple conservative treatments. A study of these refractory cases over many years originally revealed the basis for the present paper, for in this group of cases there was shown to be a series of patients who had mandibular degenerative joint disease, and indeed this was revealed by Boering (1966) , in his study of arthrosis deformans.
Degenerative disease or osteoarthrosis of the temporomandibular (TM) joint is not often recognized by clinicians although an extensive study of cadaver material made by Blackwood (1959) suggested that the condition is far from rare. He suggested that the disease must therefore be clinically silent, and indeed this corresponds to experience in other joints. When symptoms due to OA arise in the TM joint (Table 1) nized is that the most important sign, that of radiographically detected erosion of the mandibular condyle, is not easy to detect on the transcranial radiographic projection which is most frequently used to study this joint. With this projection the central ray must pass through the contralateral outer plate of the skull, the brain substance, the petrous-temporal bone medial to the joint and then the joint itself, at an oblique angle of about 1c e25o to the sagittal plane, ultimately to a film between intensifying screens. These features all tend to obscure the fine detail of the bony surface of the condyle, although this projection is well suited to reveal movements and spaces between the main bony components of the joint. Tomograms are more revealing of the state of the articular surface, but inherently are never truly sharp and their technical complexity makes them unsuitable for routine examinations. The simplest radiographic exami-2 7-2*68 C iryngeal radiographs of woman aged 65 with 'enerativejoint disease. A, atfirst attendance with indstiffness. B, pain and stiffness worse. c, nofiurthel 1968. Still crepitus, butjoint no longer stiff nation to show the state of the bony surface of condyle is achieved by the use of the transpharyngeal projection (Toller 1969) whereby it is usually, but not always, possible to achieve a finely defined image of the articular surface with minimal distortion and no overlying bony shadows.
Onset of symptoms in mandibular osteoarthrosis is either sudden or slow, and it is probable that the onset of symptoms does not closely correspond with radiographic appearances. Many cases develop recognizable radiographic changes before symptoms arise, and there is evidence to show that the erosive disease can run its course and burn out without the patient having ever been fully aware of it. Other cases can become acutely painful before radiographic changes are detectable. Whatever form the clinical expression takes, radiographic changes are mandatory to a definitive diagnosis of this condition.
The first radiographic appearance of mandibular OA has been a loss of integrity of the articular bony endplate, at or near the point of articular contact on the anterior or superior aspect of the condyle, and rarely if ever are the bony changes encountered on the posterior aspect. This early change may be diffuse or punctate (Fig 2A) . Histological examination of resected condyles, which will be mentioned later, suggest that a stage before this rarefaction should be encountered, namely that the bony endplate should be seen to become thicker and denser in the earliest phase of the disease, but this has not often been radiographically detected. The next stage, after 1-4 months, is the appearance of a shallow conchoidal excavation in the articular surface, often corresponding with considerable pain, tenderness, stiffness and an obvious crepitus ( Fig 2B) . Soon th%rarefaction spreads into a fully developed erosive lesion which has the effect of reducing the total bony size of the condyle. The last stage in nearly every case is for the reduced condyle to form a new mineralized articular surface (Fig 2c) , and this reduced condyle appears radiographically as having a shorn-off appearance, but it can function with surprising efficiency and freedom from symptoms, and the dental occlusion is by no means always altered.
The natural history of this disease from the first signs to the final subsidence of pain and stiffness, if untreated, varies from one to three years. Only a few cases take longer to resolve spontaneously. There is little evidence to show that simple remedial treatments shorten the course of the disease, but of course they give encouragement, make it more tolerable for the patient, and may prevent deformity, and certainly it is neither wise nor kind to withhold treatment.
When symptoms are severe, then there is good evidence for relief of pain and establishment of freer movement and early restoration of function following the single intra-articular use of steroids. However, this treatment is not so simple as it sounds as the injection really must be very precisely made into the joint cavities. The technique for such elective entry must be well studied, employing an impeccable aseptic technique.
A very few cases fail to respond to conservative treatment and have so much pain that surgery must be considered, and this may necessitate minimal condylectomy, the results of which can be very good. These provided the substance for the next part of this paper, namely histological observations.
Histological Observations
The structure of the mandibular joint differs in one important aspect from other diarthrodial joints (except the sternoclavicularjoint) in that the condylar articular surface is not covered with hyaline cartilage but with a layer of mature fibrous tissue overlying a stratum of cartilage which surmounts the convexity of the bone (Fig 3) . Osteoarthrosis of diarthrodial joints is usually described as a primary disease or degeneration of hyaline cartilage, but there is no hyaline cartilage on the surfaces of the TM joint. It is possible that this essential structural difference in the TM joint significantly modifies the clinical expression of its pathological changes. The many differences in the clinical manifestations of mandibular osteoarthrosis compared with other joints include age of onset, sex differential, infrequency of osteophytes, early spreading subarticular osteoporosis (erosion) and its relatively rapid clinical course with tendency to natural repair.
Twenty mandibular condyles, all of which were removed surgically from patients with histories of intractable pain, limitation of movement, and crepitus, have been examined histologically; in each case a full clinical examination for rheumatoid arthritis had proved negative. Five of these cases had shown no radiographic changes but their clinical behaviour suggested that they were in an early phase of the same degenerative disease.
As far as could be ascertained, at all 20 operations the intra-articular menisci were invariably intact. An anterior osteophytic outgrowth was found on one specimen. No condyle displayed normal characteristics with regard to the whole articular surface. The pathological process primarily affected the anterosuperior surface in all cases. No inflammatory infiltration was seen in any of the small pieces of synovia which were attached to 9 of the specimens.
Owing to the focal nature of the articular lesions in OA, and the frequent juxtaposition of degenerative and reparative processes occurring in one joint which displays a single clinical expression, a confusion of interpretation can easily arise. Even then the histological appearance of a particular focus must not be judged typical of the joint as a whole, and the following are the conclusions after a study of many serial sections, together with a personal knowledge of the clinical status of the joints from which they were derived.
It is possible that the histopathological appearances of the mandibular condyle can be related to the pattern of observed symptoms and radiographic changes as follows:
Stage I Fibrillation: Commencing in the area of articular contact (through which pass the greatest loads) there is loosening of peripheral fibres in the osteoarthrosis are probably derived by repeated cell division which is quite atypical of normal ',_,._,., s.'...i4,,,,o..''.,.i,f' . *-...*. 'cartilage behaviour and this is presumably true of a fibrous articular surface too: for instance, '-' Blackwood (1966) articular fibrous surface which run parallel with that surface. There appears to be a progressive lack of cohesion between the collagen bundles allowing fluid to collect between them (Fig 4) after which they fray off into the synovial cavity ( Fig 5) . This probably corresponds with 'fibrillation' in other diarthrodial joints.
-;
Immediately beneath the fibrous articular -layer, an organized hypertrophy and mineralization of the cartilaginous zone results in the con-: . intact joint meniscus. This bony surface can become non-vital in parts, and yet remain mechanically intact (Fig 7) . This stage can be clinically successful for the patient and may represent a sort of healing without appreciable deformation, and corresponds with eburnation seen in other joints. It is likely that a new fibrous surface can grow in from the synovial edges to recover this exposed bone. The preservation of the intra-articular meniscus would appear to be of the utmost importance for the successful and painless functioning ofthejoint following this stage of apparent repair.
The radiographs at this stage may show very little change in the shape or size of the condyle, although some dimunition of the apparent joint space (distance between the main bony surfaces) would be expected even if not easily detectable. The shadow of the lamina dura might be seen to become more dense. Pain on movement, tenderness, stiffness and crepitus are usually clinical features at this stage.
Stage 2
Perforation: The bony endplate may then become thinned and defective and be insufficient to shut off the articular cavity from contact with the marrow spaces (Fig 8) , in which case there is an immediate fibrotic reaction within these cancellous spaces. This reaction extends upwards into the defects in the bony endplate, in which attempts at bony repair can sometimes be seen and may be successful.
This stage could be seen on radiographs as a small break in the articular surface. Although it is likely that perforation of the bony endplate would be accompanied by pain, perhaps of sudden onset, case histories suggest that this Subarticular collapse: The apparently successfully repaired articular surface following Stage 1 can later fail in a way typical of conventional osteoarthrosis in other joints, namely, subarticular collapse. Punctate failures can take place through the bony endplate possibly in association with subarticular microfractures (Radin et al. 1972 ). The intra-articular pressures of normal movement may induce the formation of a small pressure cyst which gradually enlarges in size, similar to what is seen in GA in other diarthrodial joints (Landells 1953) . The cyst may at first be lined with a fibrous layer, often richly vascular (Fig 9) , but the walls may later give way and a generalized trabecular bone destruction take place which is indistinguishable from Stage 3. This massive erosion of the articular surface, spreading from a single point, which will not necessarily be the point of articular contact, has been seen radiographically in some cases. In these less common instances of pressure-cyst formation it is probable that the initial degenerative lesion is not in the surface fibrous layer, but in the cartilage zone beneath it, as illustrated by Blackwood (1963) , which might allow mechanical failure of the bony endplate due to intrasynovial pressures. A subarticular collapse has appeared on radiographs as a bony erosion even though the overlying articular fibrous covering was found to be unbroken after subsequent condylectomy and physical inspection of the surface.
Stage 3
Erosion: If repair is not successful the defect becomes larger, and more trabecular bone is removed which results in deepening the lesion Fig 10) . The tissues in the underlying cancellous spaces lose fat and hemopoetic elements which are replaced by fibrous tissue. At first this fibrotic marrow is seen directly beneath the articular defect, but later, the fibrosis spreads throughout the marrow of the entire condyle head. Fibrotic reaction in the cancellous spaces takes place whenever the bony marrow has direct communication with the synovial cavity. It seems as if the access of the synovial fluid to the cancellous spaces has a fibrosing effect.
While the erosive lesion is spreading it seems that pain may not be as severe as in the early stages of the disease, but crepitus is very marked. Radiographic changet become most obvious at this comparatively late stage. Severe degrees of erosion may exist with no pain at all. Stiffness of the joint may also be less at this stage. As in so many other joints afflicted with OA their clinical status often bears surprisingly little relationship to the severity of the histological changes.
Stage 4
Repair: No histological section has been seen in which this last stage of massive erosion was followed by a complete repair with reformation of a satisfactory bony endplate, but many radiographs show that this final and clinically satisfactory stage does take place. Some condyles excised from severe cases with long histories of intractable pain and dysfunction, and which showed gross erosion of the bony endplates with fibrous replacement of the bone marrow, showed evidence of signs of repair, namely an ingrowth of new fibrous articular surface in continuity with the synovial edge (Fig 11) , and beneath which there was a deposition of osteoid tissue undergoing mineralization. It seems extremely likely that a new fibrous articular surface reforms from the synovial margins and a new cortical endplate forms beneath it. The radiograph show that this reformed articulation can have a very abnormal shape, but clinical experience shows that it can work with remarkable efficiency. This type of spontaneous clinical repair would not come to operation since surgical interference would be unnecessary, and so it is unlikely that this type of histological specimen will be encountered in this pattern of research.
It is likely that the presence of the intraarticular disc markedly influences the expression of this disease, enabling a functional joint still to be maintained between an altered condylar surface and the upper part of the joint. This would seem to be extremely important to the patient. If the disc becomes damaged after the condyle has lost its own fibrous articular surface, as has been demonstrated by Blackwood (1963) , then severe trouble will probably follow and it is extremely unlikely that the natural process of repair will take place in any direction other than that resulting in deformity and limitation of movement. There seems to be no justification at any time for the operation of meniscectomy. Poswillo (1972) has demonstrated the stages of healing of the remaining portion of the condylar neck after experimental condylectomies in Macaca irus monkeys. Following complete condylectomy in this animal it was judged that function was satifactorily and rapidly regained with little effect on the dentition during the periods of observation.
The description of histological appearances of mandibular OA by Bauer (1941) , derived from cadaver material, demonstrated the primary break up of the surface fibrous zone and its shredding into the joint cavity, and also fibrosis of the bone marrow in advanced cases (although not mentioned in his text, it is obvious in his illustrations). Blackwood (1963) showing new bone.formation at (B) and overgrowth offibrous covering (F) originating at the synovial margin (S). The marrow cavities arefibrosed. It s?ems likely that aprocess ofrepair is taking place giving rise to a newfibro-osseous articular surface x 38 the early changes in mandibular OA were to be found in the cartilaginous layer which lies between the fibrous articular surface and the bony endplate; he considered the lesion was not necessarily preceded by a breach of the articular surface, but that this took place subsequently.
The present study of cases with known clinical histories suggests that primary tissue failure can take place either in the surface layer or at the fibro-osseous junction. The lesion starts toward the anterior part of the condyle and most frequently at the area of articular contact. It is thought that the frequently observed cellular activity at the posterior part of the condyle is likely to be of a remodelling process (Blackwood 1966) and not directly part of a degenerative disease, .although it is obviously associated in many cases with advancing years.
The present author considers that anterior lipping of the mandibular condyle most often represents a progressive remodelling process in response to changing functional demands, often associated with increasing age and may not necessarily be primarily indicative of OA.
Beneath the fibrous surface derangements, in the present series, there were sometimes considerable areas of disturbed or altered activity of the cartilagenous layer. This was considered to be a response to altered articular pressures, and it could represent evidence for the association of OA with changes of joint load carriage as advanced by Freeman (1970) , or a response to repetitive impulse loading very plausibly discussed by Radin et al. (1972) as a likely cause of OA. Several instances of non-vital bone and calcific remnants have been found incorporated into the thickened bony endplate, and these might be evidence for what Radin called subarticular microfractures.
Unique Characteristics There seems to be a rather strange mixture of facts which do not, as a group, fit into any typical category of joint disease. Thus, the age incidence, sex differential, radiographic changes (erosion with low incidence of osteophytes, Toller 1973) and absence of obvious correlation with dental irregularities all suggest a form of rheumatic disease (RA). However, the clinical absence of inflammation, the lack of a raised ESR, and absence of serum-rheumatoid factor, a monoarticular distribution, early loss of integrity of articular surface with recessive changes in the underlying bone structure, fibrosis rather than inflammation of the bone marrow, and absence of synovial hypertrophy or lymphoid infiltration all suggest a degenerative disease (OA).
The general conclusion is that the described signs, symptoms and histological changes can be ascribed to a primary degenerative disease of the mandibular condyle. A comparison between clinical features, radiographs and subsequent histology in certain cases suggests that if TM joint symptoms are severe and persistent, the damage to the articular surface of the condyle at a cellular level is worse than the radiographs might suggest. Thus cases diagnosed as intractable pain-dysfunction syndrome could come to lie within the category of OA and practitioners should be watchful of this.
It could reasonably be said that clinical, radiographic and histological expression of osteoarthrosis of the mandibular condyle is quite different from any other joint in the body, and as such it might be well to consider a different descriptive term for this condition, namely, temporomandibular arthropathy.
